INTRODUCTION
The Global Positioning System (GPS) is a satellite-based navigation system that was developed as a military application in the 1970s. GPS is a one-way-ranging system, i.e. users can only receive the signals [1] .
GPS consists of a constellation of satellites, known as Initial Operational Capability. The satellite orbits are nearly circular and their period is about 12 hours.
GPS involves three major components:
• the space segment, which consists of the 24-sattelite constellation;
• the control segment, which consists of a worldwide network of tracking stations; • the user segment, which includes all users. Using a receiver the user can determine his position anywhere in the world (providing that GPS signal is available). The signal contains the coordinates of the satellites as function of time. GPS ensures very accurate timing and frequency signals using atomic clocks on the satellites [1] [2] [3] .
The precision of GPS data depends on both the GPS receiver and the observing conditions. In the last years several studies were published regarding GPS data accuracy and reliability [4] [5] [6] [7] . In the present work we will compare the accuracy of GPS data obtained with the NEO-M8N and NEO-6M GPS receivers, which can be used on Remotely Piloted Aircraft Systems.
THE NMEA PROTOCOL
NMEA stands for the National Marine Electronics Association. In 1983 the association adopted the NMEA 0183 format for interfacing marine electronic devices. It
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has been updated several times, the latest release being v4.10 published in early May 2012.
The NMEA data streams include information on latitude, longitude, time, altitude and other variables. The data is sent in form of sentences. Each sentence starts with a dollar sign "$" and ends with a carriage-return line-feed <CR><LF>.
In the present article we will restrict our discussion to one sentence only, the GGA: Global Positioning System fix data. The general structure of the GGA sentence has the following form [1, 2] We are interested in fields 3+4 (latitude), 5+6 (longitude) and 10+11 (altitude). The advantage of the NMEA standard is that being an ASCII format it is very easy to parse using standard command line tools such as awk, perl or python (for more details see section 3).
Most GPS receivers available on the market support the NMEA 0183 standard.
HARDWARE AND SOFTWARE SETUP
Our hardware setup consists of a standard GPS receiver connected to a Raspberry Pi 2 board via serial and i2c interfaces.
The Raspberry Pi is a single-board computer developed by the Raspberry Pi foundation. During the last years several generations have been released. The second generation, which has been used in our hardware setup, was released in February 2015. All models feature an ARM compatible CPU. The board uses SD cards to store the operating system (mainly Linux variants) and programs. Lower level input-output is provided by the GPIO pins (general purpose input/output) along the edge of the board. The pins support common protocols such as serial or i2c. In our setup the serial interface was used for the GPS data and the i2c interface for the compass [8, 9] .
As GPS receivers the NEO-6M and NEO-M8N have been used. The NEO-6 series has been designed with low power consumption and low cost in mind. The NEO-M8N GPS receiver incorporates the HMC5883L digital compass and includes an internal Flash that allows firmware updates. Both modules work with a baud rate of 38400 and incorporate power and fix indicator LEDs [10, 11] .
In order to display the NMEA protocol sentences transmitted by the GPS receiver via the serial port (/dev/ttyAMA0 in the case of the Raspberry Pi board) we can use the following bash script: The digital compass is connected via the i2c interface at address 0x1e. Data acquisition has been done using the following Python script [12, 13] write_byte(0, 0b01110000) write_byte(1, 0b00100000) write_byte(2, 0b00000000) for i in range(0,500): x_out = read_word_2c(3) y_out = read_word_2c(7) z_out = read_word_2c(5) print x_out, y_out, z_out sys.stdout.flush() time.sleep(0.1) Bearing in the x-y plane can be computed as:
(1)
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This value should be corrected taking into account the so called magnetic declination, i.e. the angle on the horizontal plane between magnetic north and true north.
EXPERIMENTAL RESULTS
We studied the accuracy of GPS data provided by the NEO-6M and NEO-M8N receivers. A number of approximately 200 measurements have been taken both in good and difficult receiving conditions. Table 1 shows the standard deviation of latitude, longitude, altitude and bearing, respectively the localization error in meters. As we can observe receiving conditions and radio interference might have a very pronounced impact on the accuracy of results.
The localization error was computed using the following formula:
where is Earth's radius (6371 km) and
Where being the latitude and the longitude and denotes the mean value of latitude. Figure 1 shows the values for the altitude during the 200 measurements for both the NEO-6M (red) and NEO-M8N (blue) modules. We must note that air pressure sensor is the most accurate way to measure altitude, however it needs to be calibrated whenever a reliable reference is available or when at sea level. In order to display accurate values for the bearing, we must be calibrate the compass. We start by rotating the device in the horizontal plane and we register the values for the x and y coordinates. If we plot the values we notice that the circle isn't centred around the origin (see Fig. 2 ).
FIG. 2. x and y coordinates in compass calibration
The and offset can be computed as:
(5) Table 2 shows the offset values for both GPS receivers. We note that the NEO-6M module has an unusually high offset along the y axis. 
FINAL REMARKS
We studied GPS data accuracy for the NEO-6M and NEO-M8N receivers. The hardware setup consists of a GPS receiver, which connects to a Raspberry Pi 2 board via serial and i2c interfaces. Experimental data shows that receiving conditions have significant impact on the accuracy of results.
For position and altitude the NEO-M8N receiver provides higher accuracy under good receiving conditions. We have shown that compass calibration is mandatory before bearing measurements.
For the NEO-M8N the offsets along the x and y axis were moderate, however for the NEO-6M unusually high y offset was detected.
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